Abstract-In recent years, there are many theories and models such as transaction cost theory and the resource-based view have been proposed to explain the formation of strategic alliances. However, the perspectives are usually limited and incomplete. Additionally, the problem of resource allocation is also a serious issue when firms enter strategic alliances. The paper, here, proposes a holistic perspective and provides an optimal resource portfolio by using the De Novo perspective. A numerical example demonstrates the criteria of strategic alliances and provides the optimal resource portfolio.
INTRODUCTION
In the past two decades, strategic alliances have been an important issue, one aspect of these is the formation of strategic alliances. Although, many theories and models such as strategic perspective, organization learning, etc., have been proposed to explain the formation of strategic alliances, their perspectives are usually limited and incomplete [1, 2] . Additionally, the problem of resource allocation is another crucial issue and previous papers seem to try to answer only the question of "why strategic alliances should be formed?" but not "what to do next?" In contrast, this paper proposes a holistic perspective to explain the formation of strategic alliances and provides a method for optimal resource allocation between alliances.
In recent years, the mainstream of research can be summarized into the transaction cost theory and the resource-based view, and it has been used to explain the formation of strategic alliances. Of these two, transaction cost theory focuses on the aspect of cost (including transaction cost and product cost), whereas resource-based view emphasizes the combination of resources between alliances. In our view, both theories are partial reasons to form the strategic alliances, and so should be considered together.
Additionally, neither transaction cost theory nor the resource-based view provides a method to resolve the problem of resource allocation. Traditional mathematical programming, such as linear programming or dynamic programming, is a valid tool to provide an optimal solution in fields of operations research. However, when this tool is used to allocate the combined resources between alliances, synergies seem cannot be explain and display. The reason for this lies in the assumption of additivity. The assumption of resource independence does not allow the synergy effect, and so is not suitable in the situation of strategic alliances.
In this study, transaction cost theory and the resource-based view are combined, called the De Novo perspective, and used to explain the formation of strategic alliances. In additional, the problem of optimal resource allocation between alliances is proposed using De Novo programming. In order to demonstrate the criteria of strategic alliances and assign the optimal resource allocation, a numerical example is presented.
According to the numerical results, we show that the motivation for strategic alliances is determined by both transaction cost and firms' resources. However whether firms enter into alliances depends on the necessary and sufficient conditions. When the necessary condition is satisfied, a firm has the motivation to form strategic alliances. But only when the sufficient is satisfied, a firm will enter into alliances. In addition, the results also show the optimal resource allocation between firms' resources.
The rest of this paper is organized as follows. Section 2 shows the motivations for strategic alliances. Section 3 describes the problem of resource allocation. The De Novo perspective is proposed in Section 4, and a numerical example is provided in Section 5. Discussions are presented in Section 6 and final section presents conclusions.
MOTIVATIONS FOR STRATEGIC ALLIANCES
A strategic alliance may be defined as a cooperative arrangement between two or more independent firms that exchange or share resources for competitive advantage. There are many studies which discuss the formation of strategic alliances using various theories and models such as transaction cost theory [3] , the perspective of strategy [4, 5] , resource dependence theory [6, 7] , organizational knowledge and learning [8, 9] and the resource-based view [10, 11] . However, previous studies have not approached the problem from a holistic perspective.
These theories or perspectives can be summarized as follows. The perspective of strategy suggests seeking appropriate alliances which can increase a firm's competitive position or competitive advantage. In contrast, in resource dependence theory the motivations for strategic alliances are in search of valuable resources which firms themselves lack. Furthermore, organizational knowledge and learning focus on the reason that firms desire to acquire or learn others' organizational knowledge.
Recently, transaction cost theory and the resource-based view are mainly used to explain the formation of strategic alliances and the comparison of both theories are proposed one after another [1, 12] . Since this paper combines the transaction cost theory and the resource-based view, these perspectives are thoroughly discussed in the next two subsections.
Transaction Cost Theory
Based on an economic approach, transaction cost theory was proposed by Coase (1937) [13] to explain the decision regarding markets or hierarchy in a firm's behavior. The main concepts are that when the transaction cost of an exchange is high, the form of internalization will predominate, and vice versa.
However, there is the restriction that transaction cost theory only explains the extreme conditions, and this limitation is extended by Williamson to explain the situation of strategic alliances [14] [15] [16] [17] .
This extension can describe how transaction cost theory uses transaction cost (e.g. writing or enforcing contract cost) and production cost (e.g. internal coordination or managing production cost) to determine markets or hierarchy.
However, when the optimal total cost is neither in markets or hierarchy, strategic alliances should be the best way [18, 19] .
Additionally, Williamson suggests that transaction costs should include the direct costs of managing relationships and the possible opportunity costs of making inferior governance decisions. These concepts can be described as bounded rationality, opportunism, asset specificity and uncertainty [20, 21, 22] .
Although transaction cost theory provides a useful explanation for the formation of strategic alliances, it has a major weakness in that the analysis focuses on single-party cost minimization rather than global cost minimization [23] . Furthermore, it does not assign a significant role to partner firms' resources in theorizing [11] , which impelled the emergence of the resource-based view.
The Resource-Based View
A resource-based view [10, [24] [25] [26] [27] proposes the other perspective on strategic alliances, and states that the valuable resources that firms do not own are the motive for strategic alliances. In past papers, there are many classifications of the resources provided [10, 11, 24, 28] , the resources can generally be classified into tangible (e.g. financial and technological) and intangible (e.g. knowledge-based and managerial) resources. Additionally, heterogeneity is the reason why firms are distinctive, and is the basis of resource-based view [29] . In order to acquire competitive advantage and the ability to respond quickly to a dynamic environment, firms should consider how to construct and extend limited resources to develop a capability for sustainable competitive advantage [30] .
For both constructing and extending a firm's resources, there are three ways (i.e. hierarchy, market, or alliances) to execute this. However, the assumption of heterogeneity across firms causes the cost of hierarchy or markets to be high. In the resource-based view, firms seek complementary resources to create synergies and acquire sustainable competitive advantage [31, 32] . When the degree of heterogeneity among firms increases, the higher probability of forming alliances creates rents [10] . In short, by way of strategic alliances, firms can gain their partners' complementary resources to enhance or reshape their internal processing to create synergies and competitive advantages within the market [33, 34] .
Although the resource-based view proposes a reliable perspective on a firm's resources to explain the formation of strategic alliances, there are some notable questions which remain: What are the criteria to form alliances when firms lack any desired complementary resources? Obviously, not every firm enters alliances in the real world, even though they lack some complementary resources. In addition, the firm may even gain its partner's resources. What should the firm do after making the alliance? Firms cannot gain anything unless they can use their newly-acquired resources well. In other words, the optimization of resource allocation is the key to whether firms can create synergies and competitive advantage.
Next, we describe the traditional method which has been used for the problem of resource allocation and point out its deficiencies in explaining the formation of strategic alliances. In Section 4, a complete solution, called the De Novo perspective, is proposed to overcome these problems.
PROBLEM OF RESOURCE ALLOCATION
Based on the above discussions, we know that resources play a central role in the formation of strategic alliances. However, neither transaction cost theory nor the resource-based view provides a method to conduct the problem of resource allocation. In operations research, the problem of optimal resource allocation has been a popular issue, and one of these notable methods is mathematic programming.
Mathematic programming is the technique which distributes limited resources to competing activities in an optimal way. Of the several mathematic programming techniques, linear programming is the most popular. Linear programming was developed by Kantorovich and Koopmans [35] , and the general matrix formulation of linear programming can be described as follows. .
Let the k th row of C be denoted by 1 ( ,..., ,..., ) ,
is the k th criteria or objective function. There are several ways to solve this question, such as the simplex method or the interior-point algorithm, and the solutions indicate the optimal way to distribute limited resources.
Although mathematic programming provides a way to resolve the problem of resource allocation, the basic assumption of additivity seems irrational when we extend this method to manage the resource of an alliance. This is because additivity presumes that all productive elements are independent and the total effects equal the summation of each individual effect. The most critical problem lies in that this assumption makes it impossible for firms to create synergies.
The famous case to describe the problem of element independence is the emergence of "Mass Customization." Traditionally, the firm has two ways to gain profit. One is to reduce unit cost by economic scaling with the same unit revenue.
The other is to increase unit revenue by customization with higher unit cost. When element independence exists, it is impossible to reduce unit cost and increase unit revenue simultaneously. However since the concept of mass customization has been proposed and used in practice, the restriction of element independence should be released.
In Figure 1 , we assume that an alliance in a market has two alliance members (A and B) and A π , and B π denote the profits in the firms A and B respectively.
The goal of firms is to optimize profit maximization, and the feasible solutions have circular section. Usually, compromise solutions are the best decision in traditional mathematic programming and they fall into AB . The options which points A, B, C contain including the ideal point, C, is an unavailable option and the unavailable solutions are caused by the assumption of additivity.
Figure 1. The feasible options using linear programming
Based on the assumption of additivity, the combination of alliance resources allows only 1+1=2, rather than 1+1>2. However, synergies are usually the reason or result of strategic alliances. In other words, a firm is said resource constraints and cannot be changed if it produces individual, then traditional methodology of mathematical programming is rational and available [36] . However, when we can re-design or re-shape system, the traditional methods are no longer suitable, and this usually happens in strategic alliances.
Next, we use De Novo programming to release the limitation of element independence and to solve the problem of an optimal resource portfolio in strategic alliances to achieve the aspiration/desired level.
DE NOVO PERSPECTIVE OF STRATEGIC ALLIANCES
De Novo programming was proposed by Zeleny [37, 38] to re-design or re-shape given systems to achieve a aspiration/desired level. The original idea was that productive resources should not be engaged individually and separately because resources are not independent. By releasing various constraints, De Novo programming attempts to break limitations to achieve the aspiration/desired solution. Herein, De Novo programming is extended, and called the De Novo perspective, in order to explain the formation of strategic alliances. The De Novo perspective combines transaction cost theory and the resource-based view to provide a holistic perspective for achieving an aspiration/desired level.
Based on transaction cost theory, if the minimum cost lies between the transaction cost and the production cost, the firm should seek strategic alliances. Here, we add alliance cost (e.g. shared operation, negotiating and risk cost) to explain the formation of strategic alliances, and the rule of transaction cost theory can be modified as Now we combine transaction cost theory and the resource-based view to form the De Novo perspective. If the firm only chooses hierarchy or alliances, for example between two firms (S and T), the rule of strategic alliances can be expressed as
, then the firm seeks alliances.
If we extend this to a general form, the expression can described as
8 where ) (⋅ V denotes the revenue function, ) (⋅ U denotes the cost function, C S and C T denote the total product cost in S and T respectively, and C ST denotes the alliance cost between S and T.
The probability of firms, S and T, seeking alliances can be respectively expressed as
where λ denotes the percentage of increasing alliance revenue in S, and θ denotes the percentage of reducing alliance cost in S. Now, we can shift the above discussions into De Novo programming and the problem of resource allocation can be expressed as
where w=pA=(w 1 ,…,w n ) n R ∈ , and p=(p 1 
and, the optimal solution to (4) is given by (5) and
The final alliance profit (
where i is the identity column vector. Based on Eq. (8), we can judge whether or not the firm seeks alliances by Eq. (2) and Eq.(3). Furthermore, using De Novo programming, we can easily allocate the optimal resources and create synergies between alliances.
The difference between traditional mathematical programming and De Novo programming lies in the ability of De Novo programming to redefine its boundaries or constraints through system re-design, re-configuration or reshaping [38] . Figure 2 shows the difference in feasible options using De Novo programming.
Figure 2. The feasible options using De Novo programming
The greatest difference between Figure 1 and Figure 2 is that the unavailable solutions are now available through De Novo programming. In other words, the ideal point, C, is now the optimal solution in alliances for achieving the aspiration/desired level.
NUMERICAL EXAMPLE
In this section, we use a numerical example which is modified from Zeleny [40] to demonstrate the profit difference between hierarchy and alliances, and propose the criteria for firms to enter strategic alliances.
For simplicity, we assume there are two firms, S and T, which both produce the same two products; and have the same two productive elements and total product costs, ) ( S C U and ) ( T C U , respectively. Then firm S can determine its optimal resource allocation by using mathematical programming as follows. Using traditional mathematical programming, we can easily solve the optimal distribution of a resource portfolio at x 1 =2.125 and x 2 =1.125. Firm S can achieve total revenue by the summation function f 1 and f 2 equal 1187.5+21.75=1209.25. Then the profit of firm S can be expressed as 1209.25-) ( S C U . Using the same procedure, the profit of the firm, T, is 1209.25-
On the other hand, if the two firms enter an alliance the problem of resource allocation can be solved by De Novo programming as follows. (ii) For the max f 2 , we solve 2600 378 354 . . The radio r ** must be calculated to contract the synthetic solution to an optimal designed solution x * . The results can be shown as follows: This is because the necessary condition of strategic alliances is
And when the formulation
is satisfied, the firm has stimulus to seek strategic alliances.
However, Eq. (10) does not ensure that the individual firm will enter strategic alliances, and the criterion depends on its sufficient condition.
For firm S, the sufficient condition of strategic alliances is
and when Eq. (11) is satisfied, firm S enter alliances.
Note that Shi (1995) [41] provides six kinds of optimum-path ratios to find the optimal solution in De Novo programming, whereas here we demonstrate only one of the six. Other kinds of optimum-path ratios can also be calculated for alternatives in strategic alliances.
To extend our concept to a real-world case, the situation is much complex than our example which may exist large-scale alliance situation or contain multiple criteria and multiple constraints (MC 2 ) problems. In a large-scale alliances situation, we can adopt the large-scale MC 2 algorithms proposed by Hao and Shi [42] or other heuristic algorithms such as multi-objectives evolution algorithms (MOEA) to overcome the problem.
In the other hand, De Novo can be extended to incorporate the problem of multiple criteria and multiple constraints such as Since several MC 2 programming methods has been proposed to solve the above problem [43] , De Novo programming can be widely used in various strategic alliances. Even more, if strategic alliances can consider the situation of possible debt, the contingency plan should be used [44] .
DISCUSSIONS
As we know, cost or revenue is usually the motives determining whether or not firms seek strategic alliances or not. However, in the previous literatures, there has been no concrete equation provided to judge whether firms go to alliances. In addition, the problem of resource allocation between alliances is also a difficult issue and the traditional mathematical programming seems to be unable to provide a sound solution.
In the previous section, we demonstrate a numerical example to solve the questions regarding the criteria for forming strategic alliances and making the optimal resource allocation in alliances. Neither transaction cost theory nor the resource-based view provide the criteria for firms to enter alliances. As we demonstrate, the criteria can be divided into the necessary condition and the sufficient condition. If the profit of alliances is satisfied be the necessary condition, firms have motives for strategic alliances. However, only when individual firm satisfy the sufficient condition, is an alliance formed.
Based on the numerical example, Eq. (10) 
is satisfied, the firm will have economic rents when it enters a strategic alliance.
Comparisons of transaction cost theory, resource-based view and De Novo perspective is made in Table 1 . In addition, for the second problem, traditional mathematical programming seems to be unable to create synergies in alliances. In contrast, through De Novo programming the optimal resource allocation is planned and the results show the effect of synergy.
To summarize, the De Novo perspective provides a complete explanation for strategic alliances and the alliance criteria are offered by mathematic equations in this paper. This can be easily calculated by firms to determine their action for strategic alliances, and the optimal distribution for alliances' resources also can be found.
CONCLUSIONS
Transaction cost theory uses minimum cost to explain the formation of strategic alliances and the resource-based view focus on seeking valuable resources to achieve a global optimal. In this paper, the De Novo perspective is proposed to explain the formation of strategic alliances and provide synergistic solutions for resource allocation in achieving the aspiration/desired level.
Clearly, a strategic alliance is a kind of multi-criteria optimal system design (MCOSD) problem, rather than a multi-criteria optimal system analysis (MCOSA) problem. Productive resources should not be engaged individually and separately because they do not contribute individually according to their marginal productivities. In this situation, the De Novo approach is more suitable than traditional mathematical programming.
The most critical problem with the De Novo approach is that the required budget will exceed the subject budget using De Novo programming in some situations. This may be a serious problem for individual firms, but in alliances the financial leverage effect can overcome this difficulty. In addition, the profit from economic of scale can also be seen in the results of De Novo programming.
In short, the De Novo perspective provides another view on strategic alliances and gives the optimal resource allocation. Unlike traditional mathematical programming, the De Novo approach does not have the limitation of element independence. This characteristic allows this operations research technique to extend to explain synergies, economics of scale and other spill-over effects.
